Abstract. We present a novel design for a single-mode, truly sub-wavelength THz disk laser based on a nano-composite gain medium comprising an array of metal/ferromagnetic point contacts embedded in a thin dielectric layer. Stimulated emission of light occurs in the point contacts as a result of spin-flip relaxation of spin-polarized electrons that are injected from the ferromagnetic side of the contacts. Ultra-high electrical current densities in the contacts and a dielectric material with a large refractive index, neither condition being achievable in conventional semiconductor media, allows the thresholds of lasing to be overcome for the lowest-order modes of the disk, hence making single-mode operation possible.
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The prospect of combining electronics and photonics on a single chip by integrating lasers with electronic devices in high-density integrated circuits is an exciting one. This would, however, require the on-chip lasers to be small and operate in the sub-millimeter range of wavelengths, which corresponds to the terahertz frequencies (300 GHz to 10 THz) normally associated with vacuum-tube and solid-state electronic oscillators. Nevertheless, for such relatively low frequencies (compared to optical microresonator lasers) it has already been possible to fabricate disk lasers with diameters (2a) somewhat smaller than the emission wavelength , with 2 / 0.7 a   for the smallest disks. 1, 2 This was achieved by cascading 200 and more quantum wells in a semiconductor disk, which lead to a gain of 1 27 cm g   and made it possible to overcome the lasing threshold for the mode with azimuthal index m = 5. However, a further miniaturization of laser devices employing dielectric resonators hits a limit. This is because of the relatively low gain that can be achieved with typical active media such as semiconductors, dyes in polymer matrices, and ion-doped crystalline materials. In this Letter we propose to use a novel active medium to solve this problem. The idea is to use a nano-composite material (see Fig. 1 ) in which an ensemble of nano-bridges (point contacts), embedded in a thin dielectric with a large refractive index, connect a metallic and a ferromagnetic 2D layer to form a disk-shaped resonator. In such point contacts high-intensity light can be generated if spin-polarized electrons are injected from the magnetic material. 3, 4 This is because an inverted population of electron energy levels, split by an external magnetic field or the exchange interaction in the material, leads to photon emission accompanied by spin-flip relaxation of the electrons. The intensity of the emitted radiation can be high due to the large, metallic density of the "hot" electrons that serve as photon emitters.
The spin flips affect the magneto-resistance of the point contact and have been predicted to give rise to a characteristic peak in the resistance for a magnetic field that corresponds to resonant electron-photon interactions, a prediction that has been confirmed by recent experiments. 4 As shown in Fig. 2 , a one-parameter fit gives very good agreement between the theoretical prediction and the experiment, which demonstrates that the irradiated single point contact studied , can be estimated to be of order 0-10 cm -1 , depending on the voltage applied to the point contact. 6 For the active region (the point contact core) made of a normal-metal and subjected to a magnetic field of the order of 10 tesla, the frequency of the emitted light is approximately 0.3 THz, which is at the low-frequency limit of the THz range 7 . For ferromagnetic point contacts, the expected frequency range is determined by the exchange spin-splitting in the material, typically 1-30 THz, and can be controlled by, for example, changing the composition of the ferromagnet and thereby its Curie temperature.
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We propose to build a THz laser as a thin multilayered disk whose central layer is a 10-20 nm dielectric sandwiched between normal-metal and ferromagnetic slabs which are connected by nano-bridges protruding through the dielectric as shown in Fig. 1 . Such a metal-dielectric disk is an open resonator for which the disk diameter determines the working-mode type and hence the wavelength of the emitted light. Off the disk plane, electromagnetic-field confinement is provided by metallization of the faces of the disk; in the disk plane confinement is due to the different refractive indices of the inner and outer materials. Small-size cavities working in the lower-order modes have a small number (e.g, 2m = 2 or 4) of lobes in the far-field radiation patterns. This is more convenient than the 2m >> 1 identical beams typically emitted from lasers working with whispering-gallery modes. Besides, the thresholds for the lower modes are less sensitive to the precise shape of the disk boundary.
Hence, the manufacturing tolerances can be relaxed. The near-field patterns for the four lowest modes in the disk resonator are shown as insets in Fig. 4 .
In conclusion we have proposed a new design principle for a single-mode, truly sub-wavelength THz disk laser, which is based on using an active medium that allows the material gain to be several orders of magnitude higher than if conventional semiconductor media are used. This is because the proposed nano-composite active medium contains an array of metal-ferromagnetic nano-bridges (point contacts), from which light is emitted as a high-density, spin-polarized current relaxes in a process where the electrons flip their spin in a "vertical" transition between
Zeeman-or exchange-split energy levels.
higher. In this case a new mechanism for photon-induced electronic spin-flips based on the exchange interaction was predicted in Ref. 3 , where it was shown that the optical gain can be larger by a factor (c/v F ) 2 and approach 10 5 -10 6 cm -1 .
6. The optical gain in a point contact of the type proposed can be expressed as 7. For fields in the range 0.1-10 T the device would act as a MASER and emit microwaves in the range 3-300 GHz.
